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@> Energy resolved emission microscopy system and method. 



(5?) An emission microscope system includes in 
various embodiments a catadioptric optical mi- 
croscope and/or a computer automated optical 
dispensing system and/or a cryogenically 
cooled back thinned CCD camera. The system 
also includes a computer controlled data ac- 
quisition system with specially tailored 
software. 
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This application is related to our co-pending Eu- 
ropean Patent Application entitled 
"Energy Resolved Emission Microscopy System and 
Method" filed on even date herewith. 

The present invention relates to emission micro- 
scopy and, more particularly, to integrated circuit in- 
spection systems. 

In the design of semiconductor devices, including 
integrated circuits (IC's) and the like, it is often de- 
sired to analyze current flow through various circuits. 
Such analysis can, for example, be undertaken to iso- 
late points of potential failure. 

Several types of analysis of current flow through 
circuits take advantage of the electroluminescent 
characteristics of silicon. It is well known, for example, 
that a semiconductor device will, under excitation, 
emit a small amount of light. Whole electron pairs as- 
sociated with various defects recombine, and in that 
process emit photons. Avalanche breakdown, in par- 
ticular, can be analyzed by observing emitted light. 
Light emission in an avalanche breakdown situation 
enables the detection and location of areas of current 
flow. Oxide defects also can be detected by observ- 
ing the light emitted upon application of current By 
observing the emitted light, the points of failure of a 
damaged product can be determined, and an analysis 
of design flaws and/or processing flaws can be un- 
dertaken. 

All of the foregoing is discussed in greater detail 
in U.S. Patent 4,680,635. Also discussed in that pa- 
tent is the use of light emissions to determine the pro- 
file and detailed effects of an ESD (electrostatic dis- 
charge) event in an integrated circuit. During ESD, p- 
n junctions become forward biased or even go into 
avalanche breakdown. Light is emitted in either case. 
By capturing details regarding the emitted light pat- 
tern, aspects of the ESD event can be observed and 
the area of dissipation of the ESD energy determined. 

Study of light emitted by semiconductor devices 
is rendered somewhat difficult because of the small 
amounts of light involved. Only about 0.01% of the 
whole electron pairs in silicon recombine by emitting 
a photon. Thus, hundreds of milliamperes of current 
must be applied to a silicon device in avalanche 
breakdown to view light emitted with the naked, hu- 
man eye. As application of such high currents is gen- 
erally not feasible, or ultimately productive, other 
methods of capturing information regarding emitted 
light have been developed. Heretofore, for example, 
light emitted from integrated circuits has been record- 
ed with time exposure photography. A shortcoming of 
this method, discussed in U.S. Patent No. 4,680,635, 
is inability to isolate time as a factor in the light emis- 
sion. That is to say, steady state conditions, but not 
transient conditions, can be observed by this method. 
Accordingly, failure mechanisms that can only be ob- 
served in the transient state, such as the hot electron 
effect in inverters, cannot be observed. 



Also in the past light emissions from integrated 
circuits have been observed using infrared or optical 
microscopes. Shortcomings of such microscopes for 
this use are inability to resolve time varying effects 

5 (as discussed in the immediately preceding para- 
graph) and inability to detect faint and/or subtle con- 
trasts in light emissions. 

A third past method for observing light emission 
involves emission microscopes. Prior art details re- 

w garding such microscopes, as well as further informa- 
tion regarding the other analysis techniques dis- 
cussed above in this description of related art section, 
may be found in the related case, as well as in U.S. 
Patent Nos. 4,680,635, 4,755,874, and 4,811,090. 

15 Prior art emission microscope systems, like the 

other past methods for analyzing circuits based upon 
light emissions, have a number of shortcomings and 
deficiencies. For example, the standard grade optical 
microscopes within prior art systems are not able to 

20 transmit light from the near ultraviolet to the infrared 
without a more than minimal loss of intensity. Al- 
though prior systems generally include filter wheels, 
these filter wheels are not automated and thus are not 
capable of "stepping throughout each filter sequen- 

25 tially to accumulate a spectral graph. Prior art sys- 
tems also suffer because of poor signal to noise ra- 
tios. The combination of an image intensif ier and an 
electronically cooled CCD camera in prior art systems 
does not have the best quantum efficiency over a 

30 broad range of wavelengths presently attainable. Ad- 
ditionally, such a combination has a relatively poor 
signal to noise ratio. A number of other shortcomings 
of prior art systems are discussed in the related case. 
Based upon all of the foregoing, it should be ap- 

35 predated that prior art circuit inspection systems, 
even those incorporating state of the art emission mi- 
croscopes, have a number of shortcomings and defi- 
ciencies that reduce their usefulness. 

We describe an improved microscope system 

40 that overcomes the shortcomings and deficiencies 
discussed above. This improved emission micro- 
scope system includes a catadioptric optical micro- 
scope, a computer automated optical dispersing sys- 
tem, a cryogenically cooled back thinned CCD cam- 

45 era, and improved data acquisition software (dis- 
cussed in detail in the case related hereto). 

More specifically, one embodiment of the present 
invention is an emission microscope system including 
an optical subsystem, an intensif ier subsystem, a 

so camera subsystem, and a processing subsystem. 
The optical subsystem comprises a catadioptric opti- 
cal microscope and, in operation, outputs an optical 
image. The intensif ier subsystem is coupled to the 
optical subsystem and intensifies the optical image 

55 and, in operation, outputs an intensified image. The 
camera subsystem is coupled to the intensif ier sub- 
system and operates to convert the intensified image 
to an electronic image signal. The processing subsys- 
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tern, which is coupled to the camera subsystem, re- 
moves noise from the electronic image signal and en- 
hances the electronic image signal. 

In embodiments of the present invention the cam- 
era subsystem comprises a cryogenically cooled 5 
back thinned CCD camera. Also in certain embodi- 
ments of the present invention the optical subsystem 
comprises a computer automated optical dispersing 
instrument such as an automated motorized filter 
wheel or an automated dual grating monochromator. 10 

Accordingly, an improved emission microscope 
system is described. Also described is a circuit diag- 
nostic tool capable of readily providing photon inten- 
sity versus wavelength to yield physical information 
on hot carriers. 15 

Still further, there is described an expedient 
means to effect failure analysis and reliability evalua- 
tion of hot carrier degradation. 

Other objects, advantages, and novel features of 
the present invention will become apparent from the 20 
following detailed description of one example of the 
invention when considered in conjunction with the ac- 
companying drawings in which: 

FIG. 1 is a block diagram of an improved emission 

microscope embodying the invention; and 25 

FIG. 2 is a block diagram of a prior art emission 

microscope. 

Based upon the above description of related art, 
it should be appreciated that energy resolved emis- 
sion microscopy (EREM) is a diagnostic technique 30 
which provides a nondestructive method of determin- 
ing, for example, which of a multitude of transistors 
within a device have been weakened by hot electron 
degradation. As another example, EREM provides a 
method of gaining insight into oxide conduction mech- 35 
anisms. Additionally, EREM may also be used to dis- 
tinguish between reverse and forward biased p-n 
junctions for diagnostic purposes. 

Further based upon the information set forth in 
the above description of related art, it should be ap- 40 
predated that EREM involves the spectral analysis of 
photons emitted from operating VLSI circuitry. EREM 
utilizes the fact that the energy state of the channel 
hot electrons may be approximated by a Maxwell- 
Boltzmann distribution. Since the spectral distribution 45 
of the emitted photon energy reflects the energy of 
the generating carriers, the photon spectra may be 
approximated by a Maxwell-Boltzmann distribution as 
well. 

Those skilled in the art presently recognize that 50 
the intensity of the photon emission at roughly 200nm 
correlates directly to the amount of degradation of the 
transconductance of the device. Thus, those transis- 
tors emitting a largenumber of visible and near ultra- 
violet photons at the drain edge are undergoing more 55 
severe hot electron degradation. Standard grade mi- 
croscope optics currently found on state of the art 
emission microscopes, however, do not transmit ultra- 



violet radiation. In addition, actual analysis of the low 
intensity 200nm photon emission requires long CCD 
exposure times. Due to the poor signal to noise ratio 
of the electronically cooled CCD camera and photo- 
cathode systems, long exposure times are not possi- 
ble with the state of the art emission microscope sys- 
tems. 

EREM provides two approaches to obtaining the 
intensity of the 200nm photon emission. First, the in- 
tensity of the 200nm photon emission may be meas- 
ured with the catadioptric microscope, the cryogeni- 
cally cooled back thinned CCD camera and a long ex- 
posure time. Second, the intensity of the 200nm pho- 
ton emission may be mathematically estimated from 
the intensity measured in the visible region using the 
assumption of a Maxwell-Boltzmann distribution. 

The experimental procedure of EREM includes 
the use of a standard hot electron injection (HEI) 
stress and test procedure. Both the change in trans- 
conductance (or Idsat) and the photon intensity at va- 
rious wavelengths are plotted against the gate vol- 
tage. The gate voltage at which the 200nm photon in- 
tensity is the greatest should correlate to the gate vol- 
tage at which the change in transconductance is also 
the greatest By plotting the spectral energy against 
the log of the intensity for each gate voltage at a con- 
stant drain voltage, unknown variables in the Max- 
well-Boltzmann distribution function for a particular 
device may be determined. Once these unknown va- 
riables are determined, an estimate of the intensity at 
200nm may be easily obtained. 

A computer may provide complete automation of 
the data acquisition process. The data may be auto- 
matically corrected for the spectral response of the 
entire system and displayed graphically in a plot of 
wavelength versus intensity. The computer may be 
interfaced with a parametric analyzer for plots of wa- 
velength versus intensity versus voltage. For hot 
electron analysis, the intensity of the emission at 
200nm and an estimate of device lifetime may be ob- 
tained. 

A system including software according to the 
teachings of the present invention and the teachings 
in the related case may also encompass the image 
processing benefits of state of the art emission micro- 
scopes for oxide defects and ESD energy dissipation 
events. Characteristic spectra may be obtained for 
various failure mechanisms and may be stored on file 
and recalled for comparison to spectra obtained from 
integrated circuity under analysis. 

Referring now to the drawings wherein like refer- 
ence numerals are used to designate similar or iden- 
tical elements throughout the several views and, 
more particularly, to FIG. 1, there is shown in block 
diagram form an energy resolved emission micro- 
scope (EREM) that may be used to analyze the spec- 
tral content of electroluminescence from biased sem- 
iconductor devices. The present invention consists of 
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a series of improvements designed to enhance the 
spectral sensitivity and automate the spectral acqui- 
sition process of state of the art emission micro- 
scopes. The present invention comprises a micro- 
scope optical system 2 operatively coupled to, i.e., fo- 5 
cused on, a microprobe station 4. The microprobe sta- 
tion 4 allows the flexibility of analyzing integrated cir- 
cuitry within wafers, individual die or packaged devic- 
es or the like 6. A stimulating current is supplied to the 
circuitry via conventional probe cards, external pins 10 
microprobes or the like (not shown in FIG. 1). The mi- 
croscope optical system 2 may then be used to view 
the emitting circuitry. The system 2 comprises a stan- 
dard optical micros cope with objectives and standard 
grade glass and/or acrylic lenses. Alternatively, sys- 15 
tern 2 may comprise a catadioptric optical microscope 
with a corrector lens made with high grade fused sil- 
ica glass. The catadioptric optical microscope alterna- 
tive is preferred because it permits high efficiency 
transmission of a broad range of wavelengths from 20 
the near ultraviolet to the infrared. To transmit wave- 
lengths shorter than the near ultraviolet (<200nm), 
the system must be purged with an inert gas or en- 
cased in a vacuum. 

The image produced by the microscope optical 25 
system passes through an optical dispersing appara- 
tus 8. The optical dispersing apparatus 8 ideally in- 
cludes a high throughput dual grating monochromator 
which allows spectral dispersion and analysis of emit- 
ted light in a single acquisition. As an alternative the 30 
optical dispersing apparatus 8 may comprise a moto- 
rized filter wheel containing a variety of narrowband 
interference filters for repeated extraction of radiation 
in narrow spectral ranges. 

The output of the optical dispersing apparatus 8 35 
is operatively coupled to a camera subsystem, most 
preferably a back thinned cryogenically cooled pho- 
ton counting CCD camera 10. The operative coupling 
of the apparatus 8 and camera 1 0 effectively compris- 
es the latter being focused through the former so that 40 
a device being analyzed 6 is photographed by the 
camera 10 through the apparatus 8 and the system 
2. A back thinned cryogenically cooled CCD camera 
10 provides increased sensitivity in detecting photon 
emissions because of its high quantum efficiency and 45 
low noise level. The output signal of the CCD camera 
is coupled (this coupling shown by line 12 in FIG. 1) 
to a computer 14 for image processing and for analy- 
sis of the spectral data. The software designed spe- 
cifically to analyze the data and to determine the fail- so 
ure mode and the amount of hot electron degradation 
is described in detail in the application related hereto 
identified above. The entire data acquisition process 
including the operation of the camera and the auto- 
mation of the monochromator and/or filter wheel to 55 
step through the entire range of wavelengths select- 
ed is controlled by the computer 12. Computer control 
is exerted on the optical dispensing apparatus via line 



16 shown in FIG. 1. Computer 14 is also coupled to a 
high resolution display monitor 18 and to a laser prin- 
ter 20 for outputting hard copies of the computer en- 
hanced images and the spectral data. The monitor 18 
outputs a standard RS170 signal which may be cou- 
pled to a video printer. 

Based upon the foregoing, those skilled in the art 
should appreciate that a number of significant im- 
provements to emission microscope systems are de- 
scribed herein. 

First, replacement of the standard grade optical 
microscopes shown in FIG. 2 as element 24 found on 
state of the art systems with a catadioptric optical mi- 
croscope (element 2 in FIG. 1) is such an improve- 
ment. The catadioptric optical microscope transmits 
light from the near ultraviolet to the infrared with mini- 
mal loss of intensity. 

A second improvement involves the addition of a 
computer automated optical dispersing instrument 
(element 8 in Fig. 1) which may be either a fully auto- 
mated motorized filter wheel to sequentially step 
through each of a series of narrow band interference 
filters for accumulation of photon counts per wave- 
length without user interaction or a fully automated 
dual grating monochromator with output port for 
mounting a CCD camera head. The motorized filter 
wheel allows the data acquisition process to execute 
expediently. The dual grating monochromator pro- 
vides increased wavelength resolution and simulta- 
neous intensity measurement of all wavelengths. Al- 
though the current state of the art systems include fil- 
ter wheels (see element 2 in FIG. 2), these filter 
wheels 26 are not fully automated and do not step 
through each filter sequentially to accumulate a spec- 
tral graph. 

A third improvement involves replacement of the 
state of the art image intensifier and electronically 
cooled CCD camera system (element 28 in FIG. 2) 
with a cryogenically cooled back thinned CCD cam- 
era (element 10 in FIG. 1). The cryogenically cooled 
back thinned CCD camera provides an increased 
quantum efficiency over a broader range of wave- 
lengths, as well as a larger signal to noise level. The 
current state of the art emission microscopes are se- 
verely limited in photon counting by their poor signal 
to noise ratio. 

Still further, improvements are made in embodi- 
ments of the present invention to FIG. 1 data acqui- 
sition software used within computer 14 in FIG. 1. 
These improvements are discussed at length in the 
related case. These improvements include correcting 
the acquired photon counts for the spectral response 
of the entire system. The correction factors are ob- 
tained by calibrating the system with a light source of 
known intensity and spectral distribution. The soft- 
ware improvements also include full automation of the 
optical dispersion apparatus and graphical display of 
the spectral data corrected for system response. The 
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computer also acquires data from a parametric ana- 
lyzer or other electronic characterization apparatus. 
This data is displayed graphically against the spectral 
data in a three dimensional plot. A data analysis rou- 
tine approximates the extent of the hot electron deg- 5 
radation, as well as the device lifetime. The improve- 
ments also include enhanced image processing soft- 
ware. Thus, the software used in computer 14 in em- 
bodiments of the present invention is significantly bet- 
ter than data acquisition software 30 (in FIG. 2) in pri- 10 
or art systems. 

Continuing to refer to FIG. 2, a platform 32, sam- 
ple 34, monitor 36, and printer 38 are shown to pres- 
ent a complete prior art system; these elements are 
not significantly different from the elements shown in 15 
FIG. 1 although better information can be expected to 
be provided via monitor 1 8 and printer 22 for reasons 
previously discussed. 

Based upon the foregoing, those skilled in the art 
should now fully appreciate the structure and use of 20 
the present invention. The present invention provides 
an energy resolved emission microscope system that 
can be readily used to analyze the spectral content of 
electroluminescence from biased semiconductor de- 
vices. The present invention comprises a series of im- 25 
provements designed to enhance the spectral sensi- 
tivity and to automate the spectral acquisition process 
of state of the art emission microscopes. 

Those skilled in the art will recognize that many 
modifications and variations besides those specif i- 30 
cally mentioned may be made in the structure and 
techniques described herein without departing from 
the concept of the present invention. Accordingly, it 
should be understood that, within the scope of the ap- 
pended claims, the present invention may be prac- 35 
ticed otherwise than as specifically described herein. 

Claims 

40 

1 . A emission microscope system comprising: 

an optical subsystem, said optical subsys- 
tem comprising a catadioptric optical microscope, 
said optical subsystem outputting an optical im- 
age; 45 

a computer automated optical dispersing 
subsystem operatively coupled to said optical 
subsystem for varying wavelengths during which 
photons may be counted; 

a camera subsystem operatively coupled so 
to said optical subsystem and to said computer 
automated optical dispersing apparatus means 
for converting said optical image to an electronic 
image signal; and 

a processing subsystem operatively cou- 55 
pled to said camera subsystem and said comput- 
er automated optical dispersing subsystem for 
controlling them and for acquiring and manipulat- 



ing data obtained therefrom. 

2. A system as recited in claim 1 , wherein said cam- 
era subsystem comprises a cryogenically cooled 
back thinned CCD camera. 

3. A system as recited in claim 1 , wherein said com- 
puter automated optical dispersing instrument 
comprises an automated motorized filter wheel. 

4. A system as recited in claim 1 , wherein said com- 
puter automated optical, dispensing system fur- 
ther comprises an automated dual grating mono- 
chromator. 

5. A device for magnifying and displaying output im- 
ages of light emitted from semiconductor devices 
as a result of electrical stimulation, said device 
comprising: 

optical means for viewing said semicon- 
ductor device, said optical means outputting an 
optical image; 

a cryogenically cooled back thinned CCD 
camera means coupled to said intensifier means 
for converting said intensified image to an elec- 
tronic image signal; and 

processing means coupled to said camera 
means for removing noise from said video image 
signal and enhancing said video image signal, 
said processing means outputting an enhanced 
image signal. 

6. A device as recited in claim 5, wherein said optical 
means further comprises a catadioptric optical 
microscope. 

7. A device as recited in claim 6, wherein said optical 
means further comprises a computer automated 
optical dispersing instrument. 

8. A system as recited in claim 7, wherein said com- 
puter automated optical dispersing instrument 
comprises an automated motorized filter wheel. 

9. A system as recited in claim 8, wherein said com- 
puter automated optical dispensing system fur- 
ther comprises an automated dual grating mono- 
chromator. 
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